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(54) Channel estimation for a cdma system using coded control symbols as additional pilot 
symbols 



(57) The invention relates to the reception of signals 
encoded according to the 3GPP CDMA standard. An 
object of the invention is to provide an improved mech- 
anism for increasing the quality of channel estimation 
for CDMA-systems, especially for systems following the 



3GPP standard, by simultaneously ensuring a low com- 
plexity. According to the invention, a method and a re- 
ceiver for reception of signals encoded according to the 
3GPP wideband CDMA standard is proposed both of 
which using coded control symbols (TFCI) as additional 
pilot symbols (Pilot). 
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Description 

[0001] The invention relates to a method for the reception of signals according to the 3GPP CDMA standard and to 

a receiver for the reception of signals according to the 3GPP CDMA standard. 
5 [0002] As known, in multiple access communication systems several separate links (i.e. dedicated connections via 

some media (e.g. electromagnetic waves) respectively between two devices for the exchanging of information (e.g. 

data)) between different distinct sources and one or several distinct destinations can coexist. Such communication 

systems must therefore be designed to keep the interference between the links at a minimum so that the transmitted 

information of a particular link can be retrieved on the receiver side, Several multiple access techniques for wireless 
10 communication systems have been devised in the last few decades, as for example techniques separating the links 

by assigning non-overlapping time-slots to each link (Time Division Multiple Access) or by assigning non-overlapping 

frequency bands to each link (Frequency Division Multiple Access). 

[0003] Systems of a third generation, particularly mobile communication systems following the 3GPP (3 rd Generation 
Partnership Project) standard, employ wideband CDMA (Code Division Multiple Access) techniques for data transmis- 

is sion. On the transmittersidetheuserdataissourceencodedfortransmissionerrorprotection. Usually, the transmission 
channel between the transmitter and receiver leads to significant distortions of the sent signal and to signal degradations 
due to additive noise. Thus, in order to minimise the rate of bit errors after decoding on the receiver side, the channel 
properties need to be estimated and compensated in the receiver to minimise their impact. 
[0004] Since the transmission channel is time-variant, channel estimation has to be performed continuously. To fa- 

20 cllitate channel estimation, pilot blocks, i.e. blocks of data symbols known a priori by the receiver, may be transmitted 
within a link in regular intervals in a specific control channel, such as for example in uplink direction with the data stream 
going from a mobile station to a base station of a mobile communication systems following the 3GPP standard. 
[0005] It holds in general that the larger the ratio of pilot symbols to non-pilot symbols is in such control channel, the 
better channel estimates can be obtained. This in turn leads to a smaller bit error rate (BER), which implies that either 

25 fewer data blocks need to be retransmitted or the transmission power can be reduced. 

[0006] However, according to the 3GPP standard, the number of pilot bits is fixed by that standard and depends on 
the link mode, such as on an uplink mode or downlink mode. For instance, since the structure of a so-called DPCCH 
(Dedicated Physical Control Channel) carrying physical layer control information between two separate devices of the 
system may vary with a respective uplink mode, also the number of pilot symbols embedded therein can vary between 

30 a minimum and a maximum number and hence, the quality of channel estimates obtained with a pilot aided channel 
estimator depends on that respective uplink mode of the system as well. To compensate a poorer quality of channel 
estimates in case of less than the maximum number of pilot symbols are transmitted, the power of the transmitted 
signal needs to be increased. Since, however, in a CDMA system each link constitutes interference in all other links 
within the same cell, a higher transmission power unfortunately increases the overall interference level, which in turn 

35 has a negative effect on the overall capacity of the system. 

[0007] A possible improvement of the channel estimates cou Id be achieved by applying a so called data aided channel 
estimation technique. As known, this generic class of algorithms can be applied to any transmission system that requires 
channel information on a receiver side. However, data aided channel estimators are iterative procedures. First a rough 
estimate of the channel estimates is computed. Subsequently, based on these estimates the data contained in the 

40 received signal is compensated and the transmitted data symbol stream is estimated. Although these estimated sym- 
bols normally contain errors, it is assumed that they are correct to be used in a second iteration as pilot bits. 
[0008] Thus, if the number of errors is small enough, the newly computed channel estimates will improve and, as a 
consequence, the new estimation of the transmitted data will contain fewer bit errors. These iterations can be repeated 
until the channel estimates and the estimated data sequence converge to some final estimates. Accordingly, in terms 

45 of quality of estimation, data aided techniques may be superior to purely pilot aided estimators, since ideally the whole 
signal serves as pilot symbols. 

[0009] On the other side, if there are too many bit errors contained in the initial estimates the iterations, however, 
can diverge. 

[0010] Moreover, in terms of implementation, data aided estimation techniques have at least the following drawbacks. 
so [0011] Since each iteration introduces an additional delay into the system, problems are posed in communication 
systems with tight overall delay constraints. Furthermore, any additional delay requires additional buffers, which usually 
result in a significant drawback in systems operating at high data rates and serving large numbers of users simultane- 
ously. 

[001 2] Moreover, the computational complexity of data aided techniques tends to be considerably higher than purely 
55 pilot aided estimators. Usually, the computational complexity is increasing at least linearly with the number of iterations. 
An Increased computational complexity, however, has a direct impact on the complexity of the required hardware and 
firmware and, consequently, on the costs of the product. 

[0013] In contrast thereto, in the hardware and firmware design of receivers particularly incorporated in base-stations 
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or mobile stations of wireless communication systems following the 3GPP standard one of the major constraints is a 
small computational complexity of channel estimation algorithms. 

[0014] As a consequence, advanced data aided techniques are not an option and purely pilot aided techniques are 
employed involving the problems as discussed above. 

[001 5] An object of the invention is to provide an improved mechanism for increasing the quality of channel estimation 
for CDMA-systems, especially for systems following the 3GPP standard, by simultaneously ensuring a low complexity. 
[001 6] The inventive solution is achieved by a method, a receiver and an implementation software incorporating the 
features of claim 1 , 1 0 and 1 4, respectively. Advantageous and/or preferred refinements and/or embodiment are sub- 
ject-matter of the dependent claims. 

[0017] Accordingly, the invention proposes and uses a technique for improving pilot based channel estimation by 
exploiting the particular properties of the structure according to the 3GPP standard and particularly is concerned with 
modes that do employ control symbols. 

[0018] By using coded control symbols as additional pilot symbols for the reception of signals encoded according to 
the 3G PP wideband CDMA standard the amount of symbols used as pilot symbols is increased resulting in an improved 
channel estimation. Consequently, the capacity of the overall communication system is increased, the required energy 
for transmission can be reduced and a longer battery life of mobile terminals are ensured. 
[0019] According to a preferred embodiment, it is proposed to use coded control symbols which are transmitted in 
the dedicated physical control channel (DPCCH) of the 3GPP wideband CDMA transmission channel. 
[0020] Advantageously, the coded control symbols comprise data from the transport format combination indicator 
(TFCI) of the dedicated physical control channel (DPCCH), since there is a unique mapping from a TFCI to the asso- 
ciated TFCI bits. The TFCI can be re-encoded at the receiver site to obtain the transmitted TFCI bits to be used as an 
additional pilot symbol for the channel estimation for the DPDCH. 

[0021] Preferably the invention is implemented within a rake receiver, having means for re-encoding decoded control 
symbols and using said re-encoded control symbols as additional pilot symbols said means comprising a TFCI encoder. 
Further it is suggested that said means for re-encoding decoded control symbols are associated with a channel esti- 
mation unit. 

[0022] Accordingly, it is further proposed that the TFCI bits are decoded at the end of each DPCCH frame and the 
most likely transmitted TFCI is determined and re-encoded for using as additional pilot symbols. Moreover, an estima- 
tion of properties of the 3GPP wideband CDMA transmission channel is based on transmitted pilot symbols and said 
additional pilot symbols, wherein said estimation of properties preferably is an estimation of properties of the dedicated 
physical data channel (DPDCH). 

[0023] According to further preferred refinements the estimation is an estimation using a pilot and data aided channel 
estimation and/or an estimation of a frequency offset between a transmitter, such as of a base transmitting station and 
a receiver, such as of a mobile station based on transmitted pilot symbols and said additional pilot symbols. 
[0024] Thus, by exploiting the particular structure of the control channel in a 3GPP uplink or downlink to generate 
additional pilot symbols for pilot aided channel estimation, the additional pilot bits can be used to improve the channel 
estimates for compensating the channel in system. 

[0025] Moreover, since the invention is not involving an iterative algorithm, there is no significant additional delay or 
additional uncertainty introduced into the system and an additional computational complexity is very small. Conse- 
quently, the overall performance is predictable and the quality of the channel estimates is identical to one obtained 
with two additional pilot bits. 

[0026] The invention is described in more detail below, in particular on the basis of preferred embodiments and with 
reference to the attached drawings, in which: 

Fig. 1 schematically shows a rake finger of a receiver for a 3GPP uplink employing TFCI-bits as additional pilot bits, 

Fig. 2 schematically shows an exemplar modulator for dedicated physical channels in the uplink, 

Fig. 3 depicts a frame structure for DPDCH and DPCCH in the uplink, 

Fig. 4 depicts exemplar modes with possible combinations of DPCCH fields, and 

Fig. 5 schematically shows a rake finger of a receiver for a 3GPP uplink according to prior art, purely employing 
pilot aided channel estimation. 

[0027] For an easier understanding of the invention, reference firstly being made to Fig. 2 schematically depicting 
for exemplar reasons only a modulator for dedicated physical channels in the uplink of mobile communication systems 
following the 3GPP standard employing CDMA techniques, in particular WDCMA (Wideband Code Division Multiple 
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Access), for data transmission, 

[0028] As known for a person skilled in the art, CDMA techniques particularly used in multiple access communication 
systems following the 3GPP standard are designed to achieve separability of the respective information of different 
links not by assigning non-overlapping time-slots or frequency bands to each link but by introducing redundancy into 

5 the transmitted signals that makes them mutually orthogonal in the ideal case. Hence, the transmitted information of 
one link can be separated from all other ones by projecting the received signal onto a set of basis functions that are 
associated with this link. The operation for introducing the redundancy is called spreading. In this operation each symbol 
of the logic transmission channel is modulated with a so called channelization code, which is unique forthis data stream 
and which is known to the receiver. All channelization codes are mutually orthogonal. The operation of detection and 

10 separation is called despreading. In this operation the received signal is correlated with the channelization code as- 
sociated with the link of interest. Due to the orthogonality of the channelization codes the transmitted signals of all 
other links are largely suppressed and cause a noise floor, which is called interference noise. 
[0029] In the exemplar uplink according to the 3GPP standard and as depicted in Fig. 1 , there are two types of uplink 
dedicated physical channels, the uplink Dedicated Physical Data Channel DPDCH and the uplink Dedicated Physical 

15 Control Channel DPCCH. Forthe following description, the bit streams of the two channels will be denoted as x DPDCH 
(m) and x DPCCH (m), respectively, being BPSK (Binary Phase Shift Keying) streams with the index m based on the 
specific discrete time domain. While the data rate in the DPCCH Is fixed by the 3GPP standard, the data rate in the 
DPDCH is decided at the link set-up and can vary dynamically during transmission in certain uplink modes. The DPDCH 
and the DPCCH are spread by the spreader 1 and 2 with different channelization codes and are then l/Q (ln-phase/ 

so Quadrature)-code multiplexed by unit 3 into one physical stream as shown in Fig. 2. (As known, in-phase/quadrature 
denote the real and the imaginary part of the baseband representation of a bandpass signal). 
Additionally, the parameters p d and p o adjust the relative power between the DPDCH and the DPCCH. 
[0030] In the uplink, dedicated data, generated at higher layers, e.g. data of a telephone conversation, is passed to 
layer 1 , i.e. to the physical layer through so-called transport channels, which are special types of logic channels in the 

25 3GPP standard, as known. Several transport channels are then commonly time-multiplexed onto one uplink DPDCH. 
Depending on the mode of the system, the data rate and other parameters of each transport channel can vary over 
the duration of one uplink. For the following description the properties of a respective DPDCH, i.e. its current data rate, 
the rate of each multiplexed transport channel, etc., are referred-to in general as DPDCH state. 
[0031] The set of all permissible DPDCH states for a particular DPDCH is negotiated by higher layer functions be- 

30 tween two devices assigned to the system, i.e. with regard to the preferred example between a mobile terminal, e.g. 
a cellular telephone, and a base-station when the link is established therebetween and whenever a new transport 
channel is added. It is called the Transport Format Combination TFC set and can be understood as a look-up table, 
where each entry denotes one DPDCH state. 

[0032] The uplink DPCCH is used to carry control information generated at layer 1 . This control information usually 
35 consists of known pilot bits to support channel estimation for coherent detection, transmit power-control commands 

TPC, feedback information FBI, and an optional transport-format combination indicator TFCI. 

[0033] The continuous data stream of the l/Q multiplexed DPDCH and DPCCH is formatted into frames of equal 

duration 1 0ms. The DPDCH state is constant within each frame, but can change between frames. Fig. 3 shows such 

a frame structure of uplink dedicated physical channels. 
40 [0034] Using that exemplar frame structure, the inventive approach exploits the particular properties of the optional 

transmitted TFCI bits in the DPCCH to then increase the number of pilot bits as subsequently described in detail. 

[0035] As can be seen in Fig. 3, each frame defining the data format within a block of fixed length and serving as a 

basic transmission unit is subdivided into 1 5 slots. There are 1 0 symbols in each DPCCH slot. The number of DPDCH 

symbols per slot depends on the DPDCH state. The number of symbols for the different uplink DPCCH fields (N p n ot , 
45 N TPC' n fbi> and n tfci) depends on the uplink mode and is fixed for the duration of one uplink. For exemplar modes, 

possible constellations are listed in a table as depicted in Fig. 4. Obviously, the length of the pilot block H pM can vary 

between 5 and 8 bits per slot. 

[0036] Furthermore, as mentioned above, the TFC may be understand as a look-up table, where each entry is de- 
noting one DPDCH state. Based thereon, the transport-format combination indicator TFCI can be understood as a 
so pointer into that TFC look-up table. Hence, it informs the receiver about the DPDCH state in the same frame. For each 
entry in the TFC look-up table there is one TFCI. Depending on the length of the look-up table, the TFCIs can be 
represented with at most 1 0bits. 

[0037] In orderto ensure robust transmission, theTFCIs preferably are block encoded with a punctured Reed-Mueller 
code before transmission, i.e. each TFCI is mapped to one code-word of length 30bits as known for a person skilled 
55 in the art. The bits of these TFCI code-words will be referred to as TFCI bits. The thirty encoded TFCI bits are divided 
evenly among the fifteen time slots of each frame, i.e. two bits per slot, as can be seen in the table of Fig. 4. The 
introduced redundancy in the Reed-Mueller code allows the reconstructing, i.e. the decoding of transmitted TFCI, even 
if a certain number of TFCI bits were received with errors. 
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[0038] Since the particular details of Reed-Mueller encoding and decoding usable with the invention may vary and 
in general are known by a person skilled in the art, the Reed-Mueller code is not discussed in detail for the following 
description. Moreover, it has to be noted, that the constellations as depicted in the table of Fig. 4 are not finally and 
already today other possible modes exist, such as for example modes involving a N pi | 0t having a length with a minimum 
number of 3 bits per slot and a having a length up to 4 bits per slot. 

[0039] Based on Fig. 4, the invention increases the number of pilot bits N p n ot in case of transmitted TFCI by two to 
a minimum of seven pilot bits per slot. 

[0040] However, since a receiver usually does not know the binary information of each transmitted TFCI bit, when 
it is received, a TFCI bit can not be used as a pilot bit per se. Thus the following two properties of the TFCI bits are 
exploited: 

[0041] Firstly, the 30 TFCI bits perframe, i.e. two perslotwith 15 slots perframe, make up acode-word of a punctured 
Reed Mullercode. 

Secondly, a frame of the DPDCH can only be despread and processed after the TFCI code-word of the associated 
DPCCH frame has been decoded and the properties of the DPDCH frame has been determined from the TFC look- 
up table. 

[0042] The decoding of the TFCI code-word may result in a code-word which is either correctly or not correctly 
decoded. 

[0043] If the TFCI code-word is decoded incorrectly, the information embedded in the TFCI code-word can not be 
recovered. However, since the TFCI decoding algorithm can not determine, whether the decoded TFCI is error free, 
the system progresses as if the obtained TFCI indicates the proper DPDCH state of this frame. Hence, the wrong 
channelization code, rate matching and/or multiplexing parameters are applied to the current DPDCH frame and the 
whole data of this DPDCH frame will be lost as a consequence. This failure will be detected in a subsequent Cyclic 
Redundancy Check (CRC). Higher layer functions will then request that this frame will be retransmitted. Such a loss 
of information substantially happens irrespective of the quality of the channel estimates for the DPDCH. 
[0044] If the TFCI code-word, however, is decoded correctly, the embedded TFCI information is known and the 
DPDCH state of this frame can be determined correctly. In this case better channel estimates for the DPDCH will lead 
to lower BERs (Bit Error Rate). Since there is a unique mapping from a TFCI to the associated TFCI bits, the TFCI can 
be re-encoded at the receiver site to obtain the transmitted TFCI bits in this frame. As a consequence, each TFCI bit 
can now be used as an additional pilot symbol for the channel estimation for the DPDCH. 

[0045] The inventive approach is preferably implemented in an exemplar rake receiver involving L parallel processing 
units called rake fingers and having means for applying maximal ratio combining MRC. One such rake finger of a rake 
receiver using the inventive approach is schematically depicted in Fig. 1, whereas Fig. 5 is depicting a rake finger 
according to prior art without using the inventive approach. 

[0046] The rake receiver is used preferably, since a typical channel model applicable for WCDMA systems is a 
discrete wide sense stationary uncorrelated scattering (WSSUS) channel model for which the received signal is rep- 
resented by the sum of delayed replicas of the input signal weighted by independent zero-mean complex Gaussian 
time variant processes. 

[0047] Specifically, if x(f) and y(t) denote the equivalent complex baseband representations of the channel input and 
output, respectively, then 



m^CH'-^m. equation (1) 

where h/f) is a complex Gaussian process weighting the Ah replica. The power spectrum of fi/f), called the Doppler 
spectrum of the Ah path, controls the rate of fading for the Ah path. The Doppler spectrum depends on the fading 
environment. Its bandwidth is determined by the maximal Doppler spread f D , The term n(f) represents white Gaussian 
zero mean noise, which models the interference due to other users and additional thermal noise in the receiver. 
After applying a receive filter based on the rake receiver and descrambling and despreading for the DPCCH in one 
rake finger associated with one multipath of the rake-receiver the obtained discrete signal can be written in the form 



equation (2) 
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yi.DPDCH( m )= h i (m)x DPDCH (m)+n(m), 



where x DPCCH (m) and x DPDCH (m), as mentioned above, are the BPSK symbol streams of the DPCCH and the DPDCH, 
respectively. The signal n(m) denotes an equivalent white Gaussian noise source. 

[0048] One objective of the receiver is to estimate x DPCCH (m) and x DPDCH (m) from the received y DPCC H(m) and 
VoPDcd™)- This objective usually is split into two major stages. The first stage processes y DPCCH (7nJ and y DPDCH ( m ) 
in orderto minimize the effects of h/m) and n(m) . This stage is referenced as preprocessing. The second stage employs 
error correction decoding to estimate the originally sent binary symbol stream. 
[0049] It is well established that an optimal preprocessing computes 



as disclosed for example by John G. Proakis, "Digital Communication", Mc Graw-Hill Book Company, 1 989, the content 
of which is incorporated herein by reference. 

[0050] Each of the rake fingers of a rake receiver approximating this preprocessing computes one of the summing 
terms of equations equation (3). However, equation (3) requires, that the channel transfer function h/m) is known in 
the Ah rake finger, wherein a wide variety of techniques has been proposed for estimating the h/m). 
[0051] Regarding Fig. 5 for comparing reasons, a possible implementation of a rake finger according to prior art is 
shown. The prior rake receiver employs one of the most common class of channel estimation algorithms called pilot 
aided techniques, i.e. channel estimation algorithms that are based on the transmitted pilot symbols, which are known 
a priori by the receiver. 

[0052] The receiver according to Fig. 5 may remove the known pilot bits from the received data. It obtains thus an 
observation of the transmission channel degraded by additive noise. Since the channel transfer functions h/m) in 
WCDMA systems are narrowband signals, when sampled at the symbol rate, the channel estimates can be improved 
by some form of lowpass filtering. The structure of the rake finger as depicted, takes the particular properties of the 
exemplar 3GPP uplink into account, i.e. the fact that the pilot bits are multiplexed with other control information in the 
DPCCH. After separating the part of the received data at the pilot bit locations from the one at the other control bit 
locations by the unit 4 of Fig. 5, the pilot bit information is removed by a simple multiplication operation 5 using the 
known pilot pattern for each slot. The resulting signal is then an actual observation of the channel, which is fed into a 
channel estimation device 6. The particular algorithm used for the channel estimator 6 is adapted to specific system 
constraints, as known by a person skilled in the art but of no significance for the invention. The delay of the DPDCH 
by one frame, as depicted in Fig. 5, is due to the TFCI bits that can only be decoded after a whole frame has been 
received. Based on the structure of the prior rake receiver according to Fig. 5, the rake finger of an improved rake 
receiver incorporating the inventive approach is shown in Fig. 1 , whereby similar or equally acting means with regard 
to Fig. 5 are referenced with the same reference signs. The inventive receiver according to Fig. 1 works in contrast to 
the prior rake receiver according to Fig. 5 as follows: 

[0053] At the end of each DPCCH frame, the 30 TFCI bits of the frame are decoded and the most likely transmitted 
TFCI is determined. A modified decoding device 7 provides as an output not only the DPDCH state parameters for 
processing the DPDCH frame, but also the obtained TFCI. 

[0054] The TFCI is then fed into a TFCI encoder 8, which is identical to a TFCI encoder used on the transmitter side, 
for example in the mobile station and which is defined In the 3GPP standard. The TFCI encoder 8 produces as an 
output the 30 TFCI bits associated with this TFCI. 

[0055] Subsequently, in a following multiplication operation 9, the obtained TFCI bits are used to remove the TFCI 
bit information from the received data. This operation may be compared to the removing process 5 of the pilot data, 
as discussed above. 

[0056] The obtained data is then fed into a second channel estimation device 1 0. Other inputs to the second channel 
estimation device 10 can be the pilot information of this DPCCH frame and/or the channel estimates from the first 
channel estimation device 6. The new channel estimates provided by the second channel estimation device 10 are 
used to compensate the DPDCH data stream. 

[0057] As mentioned above, if the TFCI is decoded with errors, the TFCI bit information is not removed from the 




equation (3) 
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received data correctly. As a result the quality of the channel estimates produced by the second channel estimation 
block deteriorates and can actually be worse than the one from the first channel estimator. However, as was discussed 
before, this frame of data is lost anyway irrespective of the quality of the channel estimates. 
[0058] If, however, the TFCI is decoded correctly, then there is no qualitative difference between the input from the 
s pilot bits and from the TFCI bits to the second channel estimator 1 0 and the quality of computed channel estimates is, 
as if we had additional pilot bits in the system. 

[0059] The additional numerical complexity of this improved channel estimation scheme can be kept small. The 
means 8 forthe TFCI encoding may be realized as a simple lookup-table and has, thus, negligible numerical complexity 
and delay. The second channel estimator 1 0 can be designed in different ways: 
10 [0060] According to a first way, a completely new channel estimate may be computed from the initial pilot symbols 
and the newly generated channel information from the TFCI bits. This approach however, has a high computational 
complexity. 

[0061] Thus, according to the preferred embodiment of Fig. 1 of the invention, the channel estimates from the means 
6 for the first channel estimation are improved by using the additional data from the TFCI processing. Since most 
is channel estimation techniques are linear operations, an update algorithm can easily be designed. Furthermore, the 
first and second channel estimation devices 6 and 10 can be designed such that their overall complexity is not larger 
than a comparable channel estimator for 8 pilot bits. 

[0062] Accordingly, due to the invention the channel estimates for compensating the DPDCH are improved in the 
relevant cases. Hence, to obtain a certain target BER at the receiver the transmitted energy per DPDCH bit can be 
20 reduced, while the energy of the DPCCH bits has to stay the same. This reduction of transmit energy in the DPDCH 
can be achieved on the transmitter side by reducing the factor p d in Fig. 2 accordingly. As pointed out before, reduced 
transmitter energy leads to decreased interferences and as a consequence to a higher capacity of the overall system 
additionally resulting in a longer battery life of a mobile terminal. 

[0063] It has to be noted, that even if the invention is described with respect to a preferred embodiment mainly for 
25 an uplink, it is obvious for a person skilled in the art, that the invention also can be used for downlink and several 
modifications in dependence on specific system constraints are possible without departing the protective scope of 
invention. 



30 Claims 

1 . Method for reception of signals encoded according to the 3GPP wideband CDMA standard characterized in that 
coded control symbols (TFCI) are used as additional pilot symbols (Pilot). 

35 2. Method according to claim 1 characterized in that said coded control symbols (TFCI) are transmitted in the ded- 
icated physical control channel (DPCCH) of the 3GPP wideband CDMA transmission channel. 

3. Method according to claim 1 or 2 characterized in that said coded control symbols are comprising data from the 
transport format combination indicator (TFCI) of the dedicated physical control channel (DPCCH) of the 3GPP 

40 wideband CDMA transmission channel. 

4. Method according to one of claims 1 to 3 characterized in that each transmitted transport format combination 
indicator (TFCI) bit is re-encoded and used as an additional pilot symbol. 

45 5. Method according to one of claims 1 to 4 characterized in that the transport format combination indicator (TFCI) 
bits are decoded at the end of each dedicated physical control channel (DPCCH) frame and the most likely trans- 
mitted transport format combination indicator (TFCI) is determined and re-encoded for using as additional pilot 
symbols. 

so 6. Method according to one of claims 1 to 5 characterized in that an estimation of properties of the 3GPP wideband 
CDMA transmission channel is based on transmitted pilot symbols and said additional pilot symbols. 

7. Method according to claim 6 characterized in that said estimation of properties of the 3GPP wideband CDMA 
transmission channel is an estimation of properties of the dedicated physical data channel (DPDCH). 

55 

8. Method according to one of claims 1 to 7 characterized In that an estimation of a frequency offset between a 
transmitter of a base transmitting station and a receiver of a mobile station is based on transmitted pilot symbols 
and said additional pilot symbols. 
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9. Method according to one of claims 5 to 7 characterized in that said estimation is an estimation using a pilot and 
data aided channel estimation. 

10. Receiver for reception of signals encoded according to the 3GPP wideband CDMA standard comprising means 
5 . (7, 8, 9, 1 0) for using coded control symbols as additional pilot symbols. 

1 1 . Receiver according to claim 1 0 characterized In that the receiver Is a rake receiver. 

1 2. Receiver according to claim 1 0 or 1 1 characterized by means (8, 9, 1 0) for re-encoding decoded control symbols 
10 and using said re-encoded control symbols as additional pilot symbols said means comprising a TFCI encoder (8). 

1 3. Receiver according to claims 1 0, 1 1 or 1 2 characterized In that said means (8) for re-encoding decoded control 
symbols are associated with a channel estimation unit (10) . 

'5 14. Implementation software for performing a method of any of claims 1 to 9, especially in a receiver of any of claims 
10 to 12. 



35 



45 



55 



8 



EP 1 263 179 A1 




9 



EP 1 263 179 A1 



DPDCH 
(BPSK) " 



Fig. 2 



DPCCH 
(BPSK) - 



Spreader 
DPDCH 



P f l&Q Multiplexing 



J Spreader L^A_J_J~^ 
DPCCH ^S^T* J 



DPDCH 



DPCCH 



Fig. 3 



Data 
N data bits 


Pilot 
"pilot bits 


TFCf 
N TFC ,bits 


FBI 
N FB , bits 


TPC 
N TPC bits 



^/ of » 2560 Chips, 10*2*bits (k-0..6) 



siotm 


Slot #2 




siotm 



Slot#15 



T f = 10 ms 



Fig. 4 



Symbol 
Rate 
(ksps) 


Bits/ 
Frame 


Bits/ 
Slot 




Njpc 


Ntfci 




15 


150 


10 


6 


2 


2 


0 


15 


150 


10 


8 


2 


0 


0 


15 


150 


10 


5 


2 


2 


1 


15 


150 


10 


7 


2 


0 


1 


15 


150 


10 


6 


2 


0 


2 


15 


150 


10 


5 


1 


2 


2 



EP 1263 179 A1 



JS 35 



5 



ill 

7 

% 



|Y 



it- 



Si 



4 S 

a s> 

g8 



84 
IS 



4> 



to 

si 



CD .0 

£ 2 

'a 



"0 _ 
to i 



11 



EP 1 263 179 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appllntkxi Number 

EP 01 30 4707 



DOCUMENTS CONSIDERED TO BE RELEVANT 



APPLICATION (lnta.7) 



WO 00 36760 A (ERICSSON TELEFON AB L M) 
22 June 2000 (2000-06-22) 

* page 4, line 15 - page 5, line 9 * 
page 8, line 16 - page 10, line 16; 

figure 4 * 

EP 1 067 730 A (CIT ALCATEL) 
10 January 2001 (2001-01-10) 

* column 2, line 20 - line 37 * 

* column 3, line 50 - column 4, line 36; 
claim 1; figure 2 * 

W0 99 65171 A (ERICSSON TELEFON AB L H) 
16 December 1999 (1999-12-16) 

* page 3, line 9 - line 18 * 

* page 4, line 28 - page 5, line 9 * 

* page 10, line 24 - page 11, line 3 * 

U0 00 60762 A (QUALCOMH INC) 
12 October 2000 (2000-10-12) 

* page 4, line 16 - page 5, line 15 * 



H04L25/02 
H04B7/005 
H04B7/26 



SEARCHED (Int. CI .7) 



H04L 
H04B 



CITED DOCUMENTS 




12 



EP 1 263 179 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 4707 



This annex lists the patent family members relating to the | 
The members are as contained in the European Patent a 
The European Patent Office It In no way liable for these partleulara which are merely given lor tie purpose of Information. 

04-10-2001 



22-06-2000 AU 
WO 



3 A 

0036760 Al 



03-07-2000 
22-06-2000 



10-01-2001 EP 1067730 Al 



16-12-1999 US 
AU 
BR 
CN 
EP 
WO 
TW 



6285663 Bl 
4810099 A 
9910932 A 
1304599 T 
1084539 Al 
9965171 Al 
428384 B 



WO 0060762 A 12-10-2000 AU 4225400 A 
WO 0060762 Al 



10-01-2001 

04-09-2001 
30-12-1999 
28-02-2001 
18-07-2001 
21-03-2001 
16-12-1999 
01-04-2001 

23-10-2000 
12-10-2000 



Si For more details about this an 



< : see Official Journal of the-European Patent Office, No. 12/8? 



13 



